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(54) CUTTING METHOD AND DEVICE 

(57)Abstract: 

PURPOSE: To rapidly absorb the cutting heat and surely 
remove the cutting dusts by ejecting the coolant toward the 
cutting point of a cutting edge part at the tip of a cutting tool, 
providing a relative feed between the cutting tool and a work 
while rotating the cutting tool, and cutting the work 
CONSTITUTION: An end mill 12 is removably mounted on the 
tip part of a tool holder 5. A coolant supplying groove 1 3 of 
recessed shape is formed on the outer circumference of the 
tool body of the end mill 1 2 immediately before a main cutting 
edge part. Through holes communicating with a pipe 9 are cut 
in a pullstud 6 and the tool holder 5, and the coolant to be 
discharged from a coolant supply source 1 1 passes through the 
pipe 9, the pullstud 6 and the tool holder 5, and passes through 
the coolant supplying groove 13 of the end mill 12, and finally 
ejected onto the main cutting edge part of the end mill 12. A 
relative movement in the X, Y and Z axis is executed between 
the end mill and the work while the end mill 12 being rotated, 
and the work is cut by supplying the coolant. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 

[Claim 1] A tool holder is equipped with the cutting tool which engraved the coolant supply slot of a concave 
configuration on an axis and parallel by the shape of at least one straight line towards the cutting edge at a tip 
at the body periphery of a tool from the back end of the shank section. The coolant of a high pressure is 
introduced into the cutting-tool wearing hole of said tool holder. The cutting approach which gives relative 
delivery between work pieces and was made to carry out cutting of the work piece while circulating said 
coolant to coolant supply Mizouchi of said cutting tool, blowing off said coolant to him towards the cutting 
point of the cutting edge at said tip of a cutting tool and making him rotate said cutting tool. 
[Claim 2] The tool holder which engraved at least one coolant supply slot of a concave configuration on the 
inner skin of a tool wearing hole at an axis and parallel is equipped with a cutting tool. Introduce the coolant of 
a high pressure into the tool wearing hole of said tool holder, and said coolant is circulated to coolant supply 
Mizouchi of said tool holder. The cutting approach which gives relative delivery between work pieces and was 
made to carry out cutting of the work piece while blowing off said coolant towards the cutting point of the 
cutting edge at a tip along with the periphery of said cutting tool and rotating said cutting tool. 
[Claim 3] while the infeed of Z shaft orientations of said cutting tool moves the X-axis or a Y-axis — specified 
quantity ****** — the cutting approach according to claim 1 or 2 made like. 

[Claim 4] Relative delivery of said cutting tool and work piece is the cutting approach according to claim 1 or 2 
performed so that it may become contour-line contour milling. 

[Claim 5] The cutting approach according to claim 1 or 2 of using a ball end mill for said cutting tool, giving 
relative delivery of the infeed of Z shaft orientations, the X-axis, and Y shaft orientations so that it may 
become down cutting spirally to this ball end mill and a work piece, and performing punching processing. 
[Claim 6] The infeed of Z shaft orientations which use the ball end mill of a diameter D for said cutting tool, 
and are given to this ball end mill is the cutting approach according to claim 1 or 2 set to 0.1 or less D. 
[Claim 7] The amount of pick feeds of relative delivery between said ball end mills and work pieces is the 
cutting approach according to claim 6 made or less into D/2. 

[Claim 8] The cutting approach of processing unscrapable materials, such as metal mold steel and hardening 
steel, into claim 5 thru/or any 1 term of 7 by the cutting approach of a publication. 

[Claim 9] Said cutting tool is the cutting approach according to claim 1 or 2 which creates NC program, and 
calls and carries out NC machining of this subprogram if needed using a ball end mill by making into a 
subprogram standard cutting patterns, such as punching processing which makes this ball end mill and a work 
piece displaced relatively so that it may become down cutting spirally, and pocket processing which makes said 
ball end mill and work piece displaced relatively so that it may become down cutting spirally. 
[Claim 10] The cutting tool which engraved the coolant supply slot of a concave configuration on an axis and 
parallel by the shape of at least one straight line towards the cutting edge at a tip at the body periphery of a 
tool from the back end of the shank section, A tool holder with the coolant feed holes which equip with this 
cutting tool and introduce a coolant into said coolant supply slot, The coolant source of supply whose jet 
introduced the coolant into the coolant feed holes of said tool holder by the high pressure, this coolant 
circulated said coolant supply slot, and was enabled with high pressure to the cutting point of the cutting edge 
at the tip of said cutting tool, Cutting equipment possessing the feed gear which gives relative displacement 
between the rotation main shaft equipped with said tool holder, and said cutting tool and work piece. 
[Claim 11] The cutting tool which engraved the coolant supply slot of a concave configuration on an axis and 
parallel by the shape of at least one straight line towards the cutting edge at a tip at the body periphery of a 
tool from the back end of the shank section, A tool holder with the coolant feed holes which equip with this 
cutting tool and introduce a coolant into said coolant supply slot, It is prepared in the rotation main shaft 
equipped with said tool holder, and the draw bar which equips said rotation main shaft with said tool holder. 
The coolant supply line which can attach and detach to the coolant feed holes of said tool holder, A coolant is 
introduced into the coolant feed holes of said tool holder by the high pressure through said coolant supply line. 
Cutting equipment possessing the feed gear made displaced relatively between the coolant source of supply 
from which this coolant circulated and enabled jet of the coolant supply slot established in said cutting tool 
with high pressure to the cutting point of the cutting edge at the tip of said cutting tool, and said cutting tool 
and work piece. 

[Claim 12] The tool holder which has at least one coolant supply slot of a concave configuration established in 
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an axis and parallel in the inner skin of a tool wearing hole, and enabled installation of a coolant through 
coolant feed holes at said tool wearing hole, A coolant is introduced into the coolant feed holes of said tool 
holder by the high pressure. The coolant source of supply it was made to spout with high pressure towards the 
cutting point of the cutting edge at the tip of this cutting tool along with the periphery of the cutting tool with 
which this coolant circulated and equipped said tool wearing hole with said coolant supply Mizouchi, Cutting 
equipment possessing the feed gear made displaced relatively between the rotation main shaft equipped with 
said tool holder, and said cutting tool and work piece. 

[Claim 13] The tool holder which equipped with the collet which has the grinding groove which receives and 
grasps a cutting tool possible [ binding and relaxation ], and enabled installation of a coolant of it through 
coolant feed holes at the tool wearing hole of said collet A coolant is introduced into the coolant feed holes of 
said tool holder by the high pressure. The coolant source of supply it was made to spout with high pressure 
towards the cutting point of the cutting edge at the tip of this cutting tool along with the periphery of the 
cutting tool with which this coolant is circulated and grasping the grinding groove of said collet, Cutting 
equipment possessing the feed gear made displaced relatively between the rotation main shaft equipped with 
said tool holder, and said cutting tool and work piece. 



[Translation done.] 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
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DETAILED DESCRIPTION 
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[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the cutting approach of processing a work piece using cutting 
tools, such as an end mill, a ball end mill, a drill, and a milling cutter, and its processing equipment. In addition, 
in this invention, a coolant means the thing of a fluid which performs a cooling operation and swarf exocytosis, 
such as cutting fluid and pressurization Ayr. Moreover, a cutting tool is divided into the shank section and a 
cutting edge, these Ryobe is named generically, and it is called the body of a tool. And a cutting edge is 
divided into the main-cutting-edge section which performs a cutting operation still more substantially, and the 
2nd cutting edge which is cutting edges other than this main-cutting-edge section. For example, considering 
an end mill, a main cutting edge is a field which counts from a tool tip and has the cutting edge of a single eye. 

[0002] 

[Description of the Prior Art] Force cutting on a work piece, it makes relative motion perform, giving turning 
effort to a tool harder [ than a work piece ] and powerful, generates swarf according to a shear operation, and 
makes a request configuration to a work piece. At this time, cutting heat mainly occurs by shear work and 
friction work with swarf and a tool. This cutting heat is transmitted to the main-cutting-edge section of a tool, 
and shortens the life of a tool, and generates a built up edge, and causes the bad influence of worsening 
surface roughness. Therefore, it is necessary to cool the generated cutting heat by the coolant certainly 
promptly, and to lose these bad influences. As for these problems, the work piece to process becomes large in 
the case of an ingredient (it is only hereafter indicated as an unscrapable material), i.e., a high degree of 
hardness, or high toughness and the ingredient that has both properties youthfully, for example, the titanium, 
and Alloy 600 (the so-called Inconel (trademark)) of difficulty cutting ability, hardened steel, etc. With the 
conventional technique, unless it was a grinding process and an electron discharge method, these ingredients 
were not processible. 

[0003] While cooling and wresting by the coolant before injecting a high-pressure coolant in the shear section 
of the work piece which swarf generates, and the friction section between swarf and the rake face of a tool 
and transmitting the generated cutting heat to a tool or a work piece in order to conquer these problems, the 
swarf which holds cutting heat must also be blown away together with a coolant. In other words, a high- 
pressure coolant with the sufficient pressure and sufficient flow rate for the cutting section and its near must 
always be injected. As an approach of supplying a coolant to a cutting edge, the following two approaches are 
well-known. The 1st is the so-called through spindle coolant. By this approach, a coolant is supplied to the 
back end of a tool main shaft from a coolant source of supply. This coolant carries out sequential circulation 
of the coolant path subsequently established in the above-mentioned tool main shaft, the tool holder, and the 
tool with which it was equipped, and blows off from a tool tip. Other approaches are through tool coolants. By 
this approach, a coolant is not from the back end of a coolant source of supply to a tool main shaft, and it is 
supplied in a tool holder through a swivel joint This coolant carries out sequential circulation of the coolant 
path subsequently to a tool holder and this tool holder established in the cutting tool with which it was 
equipped, and blows off from a tool tip. 

[0004] On the other hand, there are an end mill which formed the through tube along with the axis towards the 
tip from the tool back end, a ball end mill, a drill, etc. in a cutting tool. As 1st conventional technique, a cutting 
tool with this through tube is grasped with a tool holder, and there are the cutting approach and equipment 
into which it is processed while making a coolant blow off from a cutting-tool point using a through spindle 
coolant or a through tool coolant means, a ** omission hole given [ as 2nd conventional technique ] in JP,1- 
1 32327, U — there is a ** tap. the ** omission hole which formed in the shank periphery the oil groove which 
is open for free passage into a tap slot while this penetrated the oil gallery to the internal shaft orientations of 
a tap — it is the ** tap and, in the case of tapping of a blind hole, the coolant of both which are supplied from 
an oil gallery and an oil groove carries out an operation of lubrication, cooling, and swarf discharge. Although 
the coolant which supplies from an oil gallery in the case of tapping of a through tube will flow into the work- 
piece exterior as it is, since a coolant is supplied from the oil groove prepared in the shank periphery, an 
operation of lubrication, cooling, and swarf discharge is performed effectively. As 3rd conventional technique, 
the end mill of a publication is in JP.4-2743.Y. This forms the coolant supply slot 25 which extends from the 
back end side of the body of an end mill to the swarf spillway 22 along with the longitudinal direction of the 
body of an end mill, turns Ayr. an oil. etc. to this slot 25, and it is made to make the periphery back end 
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section of the body 20 of an end mill blow off, as shown in Fig. 1 of the official report concerned. Discharge of 
swarf is smoothly attained by this. Furthermore, since this end mill does not have a hole in a tool point, 
regrinding can also be performed. 

[0005] There is equipment used for the cutting approach given in JP,4-25309,A and it as 4th conventional 
technique. As a cutting edge of a tool, using the thing made from a superfines cemented carbide, this tends 
toward a cutting point from a high-pressure water regurgitation nozzle, and is the discharge pressure of 
10kg/cm2. The above high-pressure fluid is projected, thereby, a cutting point cools with a high-pressure 
liquid in an instant — having — generation of heat at a cutting point — *** ** * work and a cutting tool — a 
cutting edge — in order not to conduct inside, neither work nor a cutting edge receives a thermal damage As 
5th conventional technique, the oil feeder of the rotation tool in the machine tool of a publication is in JP,4- 
73440,11. However, although it is not well-known data since this official report was exhibited after the basic 
filing date of application of the domestic priority opinion of this application, it states to reference in point ** of 
this application. The technique of this official report forms the oil supply way of a coolant in the rotation 
member rotated with a tool, and the outlet side tip of this oil supply way is turned to the periphery of a tool, 
and it constitutes it. Since it rotates at the same rotational frequency, the tool which a coolant rotates is fully 
lubricated with the coolant and tool which are supplied, without being flown soon. Moreover, a coolant is 
supplied to the location which did not change even if it performed feed motion of X, Y, and Z, and the tool 
always set up by the physical relationship of a coolant and a tool. 
[0006] 

[Problem(s) to be Solved by the Invention] The 1st conventional technique tends to supply a coolant near [ as 
possible ] this cutting section. Although the through tube to which a coolant circulates must be then formed in 
the interior of a cutting tool, in the case of a sintered carbide tool etc., formation of this through tube is 
difficult. Moreover, in the case of a ball end mill, a drill, etc. which have a cutting edge centering on a tool tip, 
it is necessary to form the through tube which was crooked or branched to two forks from the need of 
carrying out opening of the through tube to the flank which avoided the cutting edge, and it is still more 
difficult. Since the through tube was formed, the reinforcement of a tool falls, and **** of a shank and the 
chip of the edge of a blade furthermore become easy to arise in the case of a minor diameter tool. And the 
bore of a through tube itself cannot be enlarged but it has the trouble that sufficient coolant flow rate is not 
secured. The coolant which the 2nd conventional technique indicates the configuration of the tap as a tool of 
the chasing activity which performs low-speed cutting comparatively, and is supplied from an oil groove has 
desirable extent which permeates low voltage and the thread part which should be little, should protrude from 
an oil groove with rotation of a tap, and should be processed rather. On the other hand, cutting tools, such as 
an end mill, a milling cutter, and a drill, cannot apply this conventional technique from the need of performing 
high speed cutting comparatively. That is, in the case of cutting tools, such as an end mill which rotates at 
high speed, the high-pressure coolant of sufficient pressure and a flow rate must be injected directly to the 
cutting section. Therefore, there is a problem in applying this 2nd conventional technique to the coolant supply 
technique to the processing section by cutting tools, such as an end mill, a ball end mill, a drill, and a milling 
cutter. 

[0007] The 3rd conventional technique's having un-arranged [ which a coolant is crawled by part for the 
cutting edge near the shank section, and a coolant does not fully reach to the tool main-cutting-edge 
section ], when a coolant is made to blow off with high pressure along a coolant supply slot, since the coolant 
supply slot of a concave configuration is formed only to the swarf spillway nearest to the shank section. In 
processings usually performed often, such as comparatively shallow slot end processing only using an end mill 
point, and a ball end mill, processing using the cutting edge of the point of a drill, this especially un-arranging 
becomes remarkable and there is a trouble that sufficient cooling or quick swarf discharge of the cutting 
section are not performed. Since the coolant regurgitation nozzle is used for the 4th conventional technique, it 
needs to change the direction of a nozzle with hand control or automatic so that a coolant may be injected to 
the cutting section according to the path of a tool, and die length. Moreover, there is un-arranging acting as 
[ a nozzle and a work piece interfere or ] the failure of tooling. Furthermore, there is a trouble that it is barred 
by the work-piece configuration depending on a work-piece configuration or a processing part, and a coolant is 
not injected directly to the cutting section. The 5th conventional technique's having to turn and form the oil 
supply way outlet in a rotation member in the periphery of a tool, and having un-arranged [ that whenever / 
spray angle / of an oil supply way outlet / must be changed according to tool length and the diameter of a 
tool ]. 

[0008] Next, the cutting approach of three-dimensions configuration work pieces, such as metal mold, is 
considered. For example, when performing pocket processing from a solid material, a drill performs hole 
processing first, the hole is unfolded with an end mill, and a desired pocket configuration is made. Then, two 
kinds of tools and NC program for the object for drillings and end mill processing had to be prepared, or tool 
exchange had to be performed in the middle of processing, and processing efficiency was bad. Moreover, the 
present condition is having not established the cutting approach of performing from roughing of a three- 
dimensions configuration work piece, such as pocket processing, to finish-machining consistently only with an 
end mill. Therefore, the main purpose of this invention is offering the cutting approach and equipment which 
solve an above-mentioned problem, namely, it is not based on tool length and the diameter of a tool, but is 
made for the high-pressure coolant of always sufficient pressure and a flow rate to blow off directly to the 
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cutting section, and attain the quick deprivation of cutting heat, and positive removal of swarf and which have 
been improved further. Other purposes are offering conventionally the cutting approach and equipment into 
which the work piece of the unscrapable material which becomes by the high degree-of^hardness material 
processed only by the grinding process or the electron discharge method or high toughness material is 
processed well. Furthermore, other purposes are offering the cutting approach of gathering processing 
efficiency to field roughness fitness, and processing three-dimensions configuration work pieces, such as metal 
mold, into rt 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, by the approach of this 
invention The coolant which has a sufficient pressure and a sufficient flow rate to eliminate the heat 
generated during cutting and swarf is introduced into the tool wearing hole of a tool holder. Subsequently This 
coolant is turned at the tip of a cutting tool from said shank section back end, is oriented in the shape of a jet, 
and it blows off directly at a cutting point, and said cutting tool is relatively sent to a work piece, and said 
work piece is processed into a request configuration. Namely, a tool holder is equipped with the cutting tool 
which engraved the coolant supply slot of a concave configuration on an axis and parallel by the shape of at 
least one straight line towards the cutting edge at a tip at the body periphery of a tool from the back end of 
the shank section. The coolant of a high pressure is introduced into the cutting-tool wearing hole of said tool 
holder. The cutting approach which gives relative delivery between work pieces and was made to carry out 
cutting of the work piece is offered circulating said coolant to coolant supply Mizouchi of said cutting tool, 
blowing off said coolant to him towards the cutting point of the cutting edge at said tip of a cutting tool, and 
making him rotate said cutting tool. 

[0010] In order to attain the above-mentioned purpose moreover, in this invention The tool holder which 
engraved at least one coolant supply slot of a concave configuration on the inner skin of a tool wearing hole at 
an axis and parallel is equipped with a cutting tool. Introduce the coolant of a high pressure into the tool 
wearing hole of said tool holder, and said coolant is circulated to coolant supply Mizouchi of said tool holder. 
Along with the periphery of said cutting tool, said coolant is blown off towards the cutting point of the cutting 
edge at a tip, and the cutting approach which gives relative delivery between work pieces and was made to 
carry out cutting of the work piece is offered, rotating said cutting tool. In order to attain the above- 
mentioned purpose furthermore, in this invention The cutting tool which engraved the coolant supply slot of a 
concave configuration on an axis and parallel by the shape of at least one straight line towards the cutting 
edge at a tip at the body periphery of a tool from the back end of the shank section, A tool holder with the 
coolant feed holes which equip with this cutting tool and introduce a coolant into said coolant supply slot, The 
coolant source of supply whose jet introduced the coolant into the coolant feed holes of said tool holder by 
the high pressure, this coolant circulated said coolant supply slot, and was enabled with high pressure to the 
cutting point of the cutting edge at the tip of said cutting tool, The cutting equipment possessing the feed gear 
which gives relative displacement between the rotation main shaft equipped with said tool holder, and said 
cutting tool and work piece is offered. 

[0011] The cutting tool which engraved the coolant supply slot of a concave configuration on an axis and 
parallel according to the shape of at least one straight line towards the cutting edge at a tip further in this 
invention at the body periphery of a tool from the back end of the shank section in order to attain the above- 
mentioned purpose, A tool holder with the coolant feed holes which equip with this cutting tool and introduce a 
coolant into said coolant supply slot, It is prepared in the rotation main shaft equipped with said tool holder, 
and the draw bar which equips said rotation main shaft with said tool holder. The coolant supply line which can 
attach and detach to the coolant feed holes of said tool holder, A coolant is introduced into the coolant feed 
holes of said tool holder by the high pressure through said coolant supply line. The cutting equipment 
possessing the feed gear made displaced relatively between the coolant source of supply from which this 
coolant circulated and enabled jet of the coolant supply slot established in said cutting tool with high pressure 
to the cutting point of the cutting edge at the tip of said cutting tool, and said cutting tool and work piece is 
offered. 

[0012] Furthermore, the tool holder which has at least one coolant supply slot of a concave configuration 
established in an axis and parallel in the inner skin of a tool wearing hole in this invention, and enabled 
installation of a coolant through coolant feed holes at said tool wearing hole, A coolant is introduced into the 
coolant feed holes of said tool holder by the high pressure. The coolant source of supply it was made to spout 
with high pressure towards the cutting point of the cutting edge at the tip of this cutting tool along with the 
periphery of the cutting tool with which this coolant circulated and equipped said tool wearing hole with said 
coolant supply Mizouchi, The cutting equipment possessing the feed gear made displaced relatively between 
the rotation main shaft equipped with said tool holder, and said cutting tool and work piece is offered. 
[0013] Furthermore, the tool holder which equipped with the collet which has the grinding groove which 
receives and grasps a cutting tool in this invention possible [ binding and relaxation ], and enabled installation 
of a coolant of it through coolant feed holes at the tool wearing hole of said collet, A coolant is introduced into 
the coolant feed holes of said tool holder by the high pressure. The coolant source of supply it was made to 
spout with high pressure towards the cutting point of the cutting edge at the tip of this cutting tool along with 
the periphery of the cutting tool with which this coolant is circulated and grasping the grinding groove of said 
collet The cutting equipment possessing the feed gear made displaced relatively between the rotation main 
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shaft equipped with said tool holder, and said cutting tool and work piece is offered. 
[0014] 

[Function] The high-pressure coolant introduced by through spindle coolant equipment or through tool coolant 
equipment to the coolant feed holes of a tool holder circulates the coolant supply slot of the cutting tool with 
which the tool holder was equipped, or is spouted to the cutting section along with the periphery of a cutting 
tool. Since opening of the coolant supply slot is formed and carried out to an axis and parallel towards the 
cutting point of the cutting-tool main-cutting-edge section at this time, a coolant blows off so that it may 
surely hit directly to the cutting section. Since a coolant moreover blows off with sufficient pressure which is 
not flown in the direction of a periphery, and a flow rate with a centrifugal force, rotating at the same rate as a 
tool holder and a cutting tool, during cutting, it always cools the cutting section and serves to discharge swarf. 
Moreover, since a coolant passes along coolant supply Mizouchi who prepared in the cutting tool at this time, 
it blows off in the cutting section certainly, without a coolant being barred by the work piece. Furthermore, 
since a coolant is spouted in parallel along with the periphery of a cutting tool, it is necessary to change a jet 
include angle neither by tool length nor the diameter of a tool. 
[0015] 

[Example] If drawing 1 which is the block diagram of the cutting equipment of this invention is referred to, 
bearing of the rotation of the tool main shaft 1 will be made free to the main shaft housing 2 by bearing 3, and 
it will rotate with the driving gear which is not illustrated. Housing 2 is closed by the bearing presser foot 4. 
The tip taper hole of the tool main shaft 1 is equipped with the tool holder 5 by pulling up the pull stud 6 
screwed on the back end section with a draw bar 7. The tool holder 5 is positioned by the key 8 in a hand of 
cut. The draw bar 7 possesses the coolant path 9 installed along with the axis of the tool main shaft 1. This 
coolant path 9 may fit in and constitute a pipe 9 in a draw bar 7. The tip of a draw bar 7 is rotated in one with 
the tool main shaft 1 in contact with the pull stud 6. The coolant which the fluid swivel joint 10 was formed in 
the back end of a pipe 9, and was breathed out from the coolant source of supply 1 1 is sent in in a pipe 9. 
[0016] On the other hand, the point of the tool holder 5 is equipped with an end mill 12 free [ attachment and 
detachment ]. The coolant supply slot 13 which made the below-mentioned concave configuration the body 
periphery of a tool of an end mill 12 is formed just before the main-cutting-edge section. The coolant which 
the pipe 9 and the through tube open for free passage are drilled by the pull stud 6 and the tool holder 5, and 
was breathed out from the coolant source of supply 1 1 passes a pipe 9, the pull stud 6, and the tool holder 5, 
circulates the coolant supply slot 13 of an end mill 12, and it is constituted so that it may finally blow off 
towards the main-cutting-edge section of an end mill 12. Rotating an end mill 12, each shaft orientations of X, 
Y, and Z are displaced relatively between the work pieces which are not illustrated, a coolant is supplied, and 
cutting of the work piece is carried out. Here, the Z-axis is defined in the direction of the revolving shaft of 
the tool main shaft 1, and a Y-axis is defined in the direction perpendicular to this Z-axis in the perpendicular 
direction to the X-axis, X, and the Z-axis. 

[001 7] Drawing 2 is illustrating an example of the end mill used for this invention, drawing 2 (a) is the front 
view of an end mill 12, and drawing 2 (b) is a sectional view which meets view line A-A in drawing 2 (a). The 
end mill 12 of d rawing 2 is an end mill of a four-sheet cutting edge, and has the cutting edges 14a, 14b, 14c, 
and 14d and relief groove 15 which were spirally installed in the periphery of a cutting edge. The coolant 
supply slot 13 of a concave configuration penetrates the 2nd cutting edge from the back end side 17 of an end 
mill 12 to an axis and parallel, and is engraved on the periphery of a shank 16 two towards the latest section of 
cutting edges 14a and 14c. partial 13a by which the coolant supply slot 13 was engraved on the shank section, 
and a cutting edge — partial 13b which penetrates 14c, and a cutting edge — although divided into partial 13c 
which penetrates 14b, it stands in a row in the shape of a straight line, and it can be regarded as one slot. 
[0018] Other configurations, such as not only the shape of a square shape but the shape of a hemicycle, a 
half-elliptical, etc., are sufficient as the cross-section configuration of this coolant supply slot 13 like 
illustration. And the path d of the depth section of two coolant supply slots 13 is smaller than the outer 
diameter D of a cutting edge 14. That is, the coolant supply slot 13 is deeply cut more at back from the 
cutting-edge peripheral face. The coolant supply slot 1 3 carries out opening of this toward the latest main 
cutting edge, namely, it is because the production of the coolant supply slot 13 constitutes so that the tool 
main-cutting-edge section 14 may surely be collided with. Therefore, it is necessary to engrave a deep coolant 
supply slot about the end mill with which the outer diameter of the shank section is formed more greatly than 
the outer diameter of a cutting edge, in addition, coolant supply slot 13b and a cutting edge — the part with 
sharp intersection with 14c, intersection of 13c and 14b, etc. beveled, and has prevented the chip of a cutting 
edge. 

[0019] Next, the ball end mill of this invention is explained with reference to drawing 3 . In drawing 3 , drawing 
3 (a) is the front view of a ball end mill 12, and drawing 3 (b) is a sectional view which meets view line B-B in 
drawing 3 R> 3 (a). The ball end mill of drawing 3 R> 3 is a ball end mill of a four-sheet cutting edge, and four 
coolant supply slots 13 are engraved as an example. The coolant supply slot 13 is engraved on the shank 
section 16 in the shape of a straight line in parallel with the axis of a shank 1 6 from the shank back end side 
17, and opening is carried out toward the each cutting edge [ 14a, 14b, 14c, and 14d ] rake face. Also in this 
ball end mill 12, as the end mill of drawing 1 explained, a high-pressure coolant passes along the coolant supply 
slot 13, and is injected toward a tool main-cutting-edge sections [ 14a, 14b, 14c, and 14d ] rake face. It hits 
directly the swarf which is going to adhere to a cutting edge, and disperses it while generation of heat by 
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cutting of a cutting edge wrests this high-pressure coolant. Therefore, the coolant slot 13 has the operation 
same with having explained with the above-mentioned end mill, and effectiveness, and since it overlaps here, it 
omits explanation. 

[0020] Drawing 4 shows an example of the drill of this invention, drawing 4 (a) is the front view of a drill 12, 
and draw ing 4 (b) is a sectional view in alignment with view line C-C of drawing 4 (a). Like the tool as stated 
above, the coolant supply slot 13 is parallel to the back end side 17 of a shank to an axis, and in the shape of 
a straight line, it is engraved two so that a cutting edge may be penetrated on the way and opening may be 
carried out towards the rake face of the drill main-cutting-edge section 14. In addition, the alternate long and 
short dash line of 20 shows a locus when a drill rotates among drawing. 

[0021] Drawing 5 shows an example of the milling cutter of this invention, drawing 5 (a) is the front view of a 
milling cutter 12, and draw ing 5 (b) is a sectional view in alignment with view line D-D of drawing 5 (a). It is 
shown in drawing 5 as an example of representation of a milling cutter, and a slotting milling cutter is shown. 
Five coolant supply slots 13 are engraved on the shank 16 toward the rake face of the tool main-cutting-edge 
section 14 in the shape of a straight line in parallel with an axis from the back end side 17. Thus, by 
constituting, a coolant is surely supplied to the rake face of a cutting edge. 

[0022] Drawing 6 is the explanatory view showing an operation of the coolant of this invention, and is drawing 
which equipped the tool holder 5 with the end mill 12. The tool wearing hole 18 of the tool holder 5 is equipped 
with the shank 16 of an end mill 12. The coolant pressurized by the coolant source of supply (refer to drawing 
1 ) flows into the tool wearing hole 18 through the coolant feed holes 19. Subsequently, this coolant circulates 
and spouts said two concaves 13 in the direction of end mill 12 tip. During processing by the end mill 12, both 
the tool main shaft 1, the tool holder 5, and the end mill 12 rotate, and an internal coolant also rotates them 
with the same speed. The coolant which blew off from the coolant supply slot 13 when high-speed rotation of 
the main shaft 1 was carried out supplies a coolant by the pressure with high extent certainly injected by the 
tool main-cutting-edge section with high pressure (for example, 70 kg/cm2). It is made for the coolant which 
blew off from the coolant supply slot 13 to have hit the tool main-cutting-edge section directly by this. The 
cross section of the coolant supply slot 13 is made greatly, and can also earn a flow rate so much rather than 
it opens a hole in the interior of an end mill. Therefore, by any cases, a coolant is supplied to a tool main 
cutting edge, i.e., the cutting section, by sufficient pressure and the flow rate, **** cutting heat quickly, and 
can always discharge swarf, the case of deep groove processing which uses the cutting-edge whole region of 
the direction of a tip from the shank section of an end mill 12, or side-face processing — the open section 
between the coolant supply slots 13a and 13b and between 13b and 13c to a coolant — leakage appearance - 
- carrying out — **** — not only a tool point but a cutting edge — a coolant will be supplied over the whole 
region and **** and swarf exocytosis of cutting heat can be performed to all processings. 
[0023] Drawing 7 (a) is the important section block diagram showing other examples of this invention, and 
drawing 7 (b) is a sectional view in alignment with view line E-E of drawing 7 (a). D^awingj* (a) is the important 
section block diagram showing still more nearly another example of this invention, and drawing 8 (b) is a 
sectional view in alignment with view line F-F. In drawing 7 and 8, instead of the end mill which engraved the 
coolant supply slot 13 of the cutting equipment of drawing 1 , the tool holder of a taper chuck type ( drawing 
7 ) and a collet-chuck type ( drawing 8 ) is used, and it is equipped with an end mill usual [ without a coolant 
supply slot ]. A high-pressure coolant (for example, 70 kg/cm2) makes it blow off in the direction of a tool tip 
along with an end mill periphery. 

[0024] If drawing 7 is referred to, the tool holder 5 possesses the applied part 25 which has the taper external 
surface 26 and the screw section 27, and said tool wearing hole 1 8 penetrates an applied part 25, and is 
carrying out opening of it outside. An end mill 12 is inserted in the tool wearing hole 18, and fixes by binding 
with a ring 23. The ring 23 possesses the taper inside 28 which engages with taper external surface, and the 
screw section 27 of an applied part and the screw section 29 which can be engaged. When the screw sections 
27 and 29 are made engaged and a ring 23 is concluded to an applied part 25, the taper sides 26 and 28 are 
engaged and, thereby, an end mill 12 is fixed in the tool wearing hole 18. Slitting is formed in the medial axis of 
the tool holder 5, and parallel, and you may enable it to fix the tool in a tool wearing hole to an applied part 25 
good. 

[0025] It is open for free passage with the pipe 9 through the through tube 1 9 of the pull stud 6, and 
installation of the coolant source of supply 11 to a coolant of the tool wearing hole 18 is attained. The location 
of 180 degrees is countered on the diameter of this inner skin, two concaves 24 are formed in the inner skin of 
the tool wearing hole 18, and this concave 24 is installed in the tool main shaft 1 and the medial axis of the 
end mill 12 with which it was equipped, and parallel to the apical surface of the tool holder 5. If an end mill 12 
is inserted in the tool wearing hole 1 8, this concave 24 will serve as a coolant circulation way by the peripheral 
face of an end mill 12, and will spout the coolant introduced into the tool wearing hole 18 in the direction of a 
tip of an end mill 1 2 along with the periphery of an end mill 1 2 from the outlet of a concave 24. 
[0026] Next, if drawing 8 is referred to, the tool holder 5 is equipped with the end mill 12 by the collet chuck. 
The collet chuck possesses the collet 21 and the collet ring 23. Four slitting 22 installed in the direction of an 
axis by the collet 21 is arranged in the circumferencial direction by the equiangular distance. Although a collet 
21 is divided into four parts by this slitting 22, each part is mutually connected with the connection ring 32. 
The engagement side 30 where a collet 21 engages with the engagement side 31 of the collet ring 23 again is 
formed. The collet ring 23 possesses the engagement side 31 which engages with the engagement side 30 of a 
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collet 21, and the screw section 29 which engages with the screw section 27 of the tool holder 5. If the collet 
ring 23 is screwed on the tool holder 5 by the screw sections 27 and 29, the engagement sides 30 and 31 will 
be engaged mutually, a collet 21 will be pushed in in the tool wearing hole 18, and, thereby, it will be equipped 
with an end mill 12. 

[0027] The tool wearing hole 18 is open for free passage with the coolant path 9 (refer to drawing 1 ) through 
the through tube 19 of the pull stud 6. The coolant from the coolant source of supply 11 circulates a coolant 
path and a through tube 19, and is introduced in the tool wearing hole 18. Said slitting 22 is open for free 
passage with the tool wearing hole 18 through the central opening 33 of the connection ring 32. Through the 
central opening 33 of the connection ring 32, the coolant introduced into the tool wearing hole 1 8 flows into 
slitting 22, and is injected towards the main-cutting-edge section along with the peripheral face of an end mill 
12 from the outlet of this slitting 22. Since an operation of the coolant which blew off is the same as that of 
the case of drawing 7 , explanation is omitted. 

[0028] Although there was the approach of preparing in the exterior of the end mill which carries out high- 
speed rotation of the conventional coolant regurgitation nozzle, and turning a coolant to an end mill and 
injecting it from this nozzle, it was difficult for there to be an air space which rotates at uniform velocity 
mostly in the perimeter of the end mill which rotates at high speed, to smash the air space, and to apply a 
coolant to the rake face of the cutting edge of an end mill directly. That is, most coolants were soon flown by 
the air space. This invention is in the condition of having circulated the coolant to coolant supply Mizouchi who 
formed in the end mill, or since an end mill is rotated at high speed in the condition of having blown off the 
coolant along with the end mill periphery through the slitting section of the concave inside a tool holder, or a 
collet, a coolant will already exist in the interior of the air space which surround an end mill periphery, and it 
can spout the coolant directly to the rake face of the end mill main-cutting-edge section, without smashing an 
air space. 

[0029] Moreover, this Ayr may be blown off and cooling of a cutting edge and discharge of swarf may be made 
to perform using not only liquids, such as cutting fluid, but pressurization Ayr as a coolant. It was lost by 
having constituted in this way that there is no difficulty which forms a through tube in the cutting tool which is 
the trouble of the conventional technique, and moreover prepare a through tube in the case of a minor 
diameter tool, the reinforcement of a tool does not run short, or sufficient coolant flow rate is not secured of 
the cutting approach and equipment by this invention since a through tube is a minor diameter. Moreover, the 
coolant which circulated the coolant supply slot or the cutting-tool periphery blows off so that a cutting edge 
may surely be hit directly. Furthermore, it is not necessary to be accommodation of the nozzle include angle 
by hand control or automatic, and un-arranging [ that a coolant was crawled off by the air space to which it is 
not projected on a coolant or it moreover goes a cutting-tool periphery around at uniform velocity mostly 
directly to the cutting section depending on a work-piece configuration or a processing part ] was canceled 
like the coolant supply by the coolant regurgitation nozzle prepared outside. 

[0030] Although this example described the case where a coolant supply slot or two concaves were formed, 
appropriate effectiveness will be demonstrated if there is at least one. However, as for a coolant supply slot, it 
is most desirable to form only the number of tool main cutting edges towards each cutting edge. Moreover, 
even if it uses the tool holder of other formats, what is necessary is just the configuration that a coolant blows 
off in the direction of a tool tip along with the cutting-tool periphery with which it equipped. Furthermore, 
although the example as stated above explained the case of a through spindle coolant method, it cannot be 
overemphasized that you may be the through tool coolant method introduced into a tool holder at a coolant. 
[0031] Next, the tool holder 5 of the cutting equipment of drawing 1 is equipped with an end mill or a ball end 
mill, and the case where the work piece which becomes by the solid material is processed is considered. A 
cutting edge does not exist near the axial center at the tip of a tool, or since cutting will be continuously 
performed even if the cutting edge exists, generation of heat becomes large, or tool wear becomes early, or 
the processing approach deeply cut only to Z shaft orientations will be in abnormality cutting conditions, like 
cutting vibration becomes large. For this reason, after making a prepared hole with a drill, this prepared hole is 
usually unfolded with an end mill or a ball end mill, and punching processing and pocket processing are 
performed. Then, working capacity was bad in having to create two kinds of NC programs for tools, such as a 
drill and an end mill, or having to carry out tool exchange in a processing process. In this invention, the cutting 
approach of performing punching processing and pocket processing by the approach same to Z shaft 
orientations as infeed and the usual slot cutting is also indicated, moving an end mill or a ball end mill to the 
X-axis or Y shaft orientations. Of course, the high-pressure coolant is making the cutting point blow off with 
high pressure by the above-mentioned approach at this time. By this cutting approach, punching processing 
and pocket processing can be performed to the work piece of a solid material at a stretch by one kind of tool, 
and improvement in processing efficiency can be aimed at. 

[0032] First, with reference to drawing 9 and drawing 10 , it considers [ performing cutting of a three- 
dimension configuration by contour-line contour milling, carrying out by both-way processing, and ] which is 
advantageous. Drawing 9 is illustrating the tool path in the case of processing pocket processing by contour- 
line contour milling, and the height of Z shaft orientations is delivery and the cutting approach of making Z 
shaft orientations going a tool 1 2 around again along with the profile of specified quantity infeed and its height 
along with the specified quantity infeed 36, i.e., the inclined path, to the X-axis, a Y-axis, and coincidence 
when going one time around, in a X-Y flat surface about a tool 12 along with an equal profile. On the other 
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hand, drawing 10 is the approach of illustrating the tool form way in the case of carrying out both-way 
processing of the pocket processing of the same configuration, fixing Y shaft-orientations location of a tool 12, 
giving the pick feed 37 of delivery and the specified quantity to Y shaft orientations for a tool 12 from an end 
to the other end in a X-Z flat surface, and carrying out delivery cutting of the tool to hard flow in a X-Z flat 
surface. 

[0033] Both-way processing has [ that the magnitude and the direction of the load which acts on a tool 12 in 
the corner section of the side face of Pocket P and a base tend to change ] unstable processing, moreover, 
one tool path of an outward trip or a return trip — setting — the side face of a tool — processing it by the 
cutting edge **** — a base — it is processed by the cutting edge, cutting speed changes with processing 
parts, and field roughness varies. Contour-line contour milling can perform processing by which the magnitude 
of the load under processing in the tool path of one circumference and fluctuation of a direction were 
stabilized small comparatively. Moreover, it is processed by the cutting edge of the same part cutting speed 
becomes fixed, and field roughness is uniform. When it is finish-machining as which especially field roughness 
is required, contour-line contour milling is desirable. 

[0034] Drawing 1 1 is drawing which looked at the condition under cutting from [ of a tool 12 ] the axis, drawing 
11 (a) shows down cutting and drawing 11 (b) shows upcutting, respectively. To cutting and going on, while, as 
for down cutting, the cutting edge of a tool 12 pushes a work piece W, it cuts and upcutting advances, while 
the cutting edge of a tool 1 2 dips up a work piece W. A cutting edge work-piece W Is not [ down cutting ] hard, 
the amount of amount of infeeds can cut certainly, the that it is lump which is slippery between a cutting edge 
and a work piece W, and is burned of it tends to produce upcutting to field roughness being good, and it is 
known that process tolerance and field roughness are inferior. Moreover, since there is a skid, there is also a 
fault that generation of heat is larger than down cutting. Thus, there are many points that the direction of 
down cutting is excellent, and cutting is good to maintain down cutting if possible. It is good to also perform 
the above-mentioned contour-line contour milling by down cutting. 

[0035] Down cutting or upcutting is the side face of a work piece, and a phenomenon in the case of processing 
it only by the one side of a rotation tool like inner skin processing of a pocket. When processing it into 
coincidence by the two side of rotation tools like recessing, down cutting and upcutting coexist and relative 
displacement with a tool and a work piece is made to perform so that the side which should be finished may 
usually become down cutting. When making the below-mentioned tool path spiral on a flat surface and 
performing pocket processing, relative displacement with a tool and a work piece is performed so that the 
inner skin of a pocket may become down cutting. 

[0036] Drawing 12 is the explanatory view of punching processing by the ball end mill. Set to infeed at Z shaft 
orientations, set in a X-Y flat surface to coincidence, and give orbital motion, rotating a ball end mill 12, that 
is, the work piece W of a solid material is made to cut the rotating ball end mill deeply in a spiral path, and the 
hole 40 of the shape of a straight or a taper is processed. A ball end mill has the cutting edge of a semi- 
sphere configuration mostly, the shank section is thinly formed a little from the path of a cutting edge, and if 
hole processing is performed as the shank section does not rub the once processed field, processing with very 
good field roughness can be performed. If the usual square end mill is used, a upside cutting edge will rub the 
once processed field, and a field dry area will be caused. Moreover, heat concentrates on the corner edge at 
the tip of a tool, and processing side roughness worsens. Although this punching processing turns into 
recessing in which down cutting and upcutting are intermingled, it is good to make a ball end mill and a work 
piece W displaced relatively so that it may become down cutting in the part in contact with the inner skin of 
the hole which a cutting edge should process. 

[0037] Drawing 13 is the explanatory view of pocket processing which used the ball end mill 12. To Z shaft 
orientations, moving a ball end mill 12 to X or Y shaft orientations as mentioned above, although Pocket P is 
processed into the work piece W of a solid material Infeed, When reaching the infeed of the specified quantity, 
a ball end mill 12 and a work piece W are made displaced relatively according to a spiral tool path in a X-Y flat 
surface. When processing it to the dimension of the pocket P which should be processed, relative 
displacement which gave a vortical expansion again to a stop, the X-axis, a Y-axis, and coincidence, and met 
[ expansion ] them in the infeed of Z shaft orientations at the spiral tool path is made to perform. It is the 
same even if it makes a tool path form in the direction to which a swirl is made to reduce from an outside. In 
the part in contact with the inner skin of Pocket P, it cannot be overemphasized that it is good to make a ball 
end mill 12 and a work piece W displaced relatively so that it may become down cutting. 

[0038] the processing approach which hold down the amount of infeeds of 1 time of Z shaft orientations to the 
comparatively shallow amount of 0.1 or less D, lessen the processing volume per one cutting edge, it enables it 
to cool calorific value small, i.e., certainly, and processing efficiency enlarges the engine speed and feed rate of 
a ball end mill, and is covered if the diameter of a bail end mill 1 2 is set to D at this time — ****** — ** 
Moreover, the combination of a limitation with the amount of pick feeds of the amount of Z shaft-orientations 
infeeds in which field roughness does not get worse so much, X, or Y shaft orientations (vortical pitch) is the 
D/2 or less amount of pick feeds in the 0.1 or less D of the amounts of infeeds. The processing approach 
which enlarges the amount of infeeds of Z shaft orientations comparatively with 0.2-0.4D conventionally, and 
makes the amount of pick feeds comparatively small with 0.1D was in use. Since the processing volume per 
one cutting edge is large, calorific value is large, and a tool life is especially unsuitable for processing of high 
degree-of-hardness material in short 
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[0039] With an amount [ of the 0.1 or less D of the above-mentioned amounts of Z shaft-orientations infeeds. 
X, or Y shaft orientations / of pick feeds ] of D/2 or less ball-end-mill processing is effective also in the 
above-mentioned both-way processing which a cutting point is made to blow off and performs a high-pressure 
coolant, moreover, the unscrapable material work piece which becomes by high degree-of-hardness material 
like metal mold steel or hardening steel, or high toughness material about punching processing by the above- 
mentioned ball end mill, with the 0.1 or less D of the amounts of Z shaft-orientations infeeds, and an amount 
[ of pick feeds ] of D/2 or less processing, etc. while making a high-pressure coolant blow off at a cutting 
point — * ***** — things are made. It can attain freely by cutting that it was conventionally processible only 
by the grinding process or the electron discharge method. 

[0040] Next, it considers performing various kinds of above-mentioned processings according to NC program. 
Since punching processing, pocket processing, recessing, etc. are carrying out the simple configuration 
comparatively and repeat use activation is carried out, NC program corresponding to this is good to 
standardize beforehand and to subprogram-ize in the form which covered the above-mentioned processing 
approach. NC control unit of this invention is explained with reference to drawing 14 . The NC control device 
100 possesses the main (Maine) program sections 110, the ** (factice) program section 120, the program 
execution section 130, the servo control section 140 for X-Y table 42, the servo control section 150 for the 
Z-axis of a tool main shaft, and the coolant control section 160, and is constituted. 
[0041] The subprogram section 120 possesses two or more standard programs 121, 122, 123, ... 12N 
corresponding to standard cutting, such as punching processing, pocket processing, and recessing. The 
program of the main program section 110 is performed in the program execution section 130. and the standard 
programs 121, 122, and 123 over processing which should be carried out — or 12 Ns is chosen suitably. In this 
way, a main program and a standard program are performed in the program execution section 130. From the 
program execution section 1 30, the signal for each controlled system is transmitted to the servo control 
section 140 for X-Y table 42, the servo control section 150 for the Z-axis, and the coolant control section 
160. 

[0042] The servo control section 140 for X-Y table 42 transmits a control signal to the delivery means 41 for 
sending a cutting tool 12 to the work piece ( drawing 14 not being shown) fixed to X-Y table 42. The delivery 
means 41 is constituted by the usual feed gear which has a servo motor and a ball screw (not shown). X-Y 
table 42 is sent to X or Y shaft orientation by the feed gear 41, and, thereby, a cutting tool 12 is sent in 
accordance with a predetermined path to a work piece. The servo control section 150 for the Z-axis transmits 
a control signal to the means 43 for sending a cutting tool 12 to Z shaft orientations. The delivery means 43 is 
constituted by the usual feed gear which has a servo motor and a ball screw (not shown). Moreover, a control 
signal is transmitted to the coolant source of supply 1 1 from the coolant control section 1 60, and the pressure 
and flow rate of a coolant which the coolant source of supply 1 1 supplies by this are controlled. 
[0043] For example, if only it specifies first the diameter of the tool used, the bore of the hole which should be 
processed, and the depth in punching processing by the ball end mill, the subprogram of punching processing is 
called in the middle of NC program, and even if it specifies neither a tool path nor the amount of infeeds one 
by one, desired punching processing is completed automatically. That is, a high-pressure coolant is injected, 
and relative displacement is automatically performed so that punching processing may become down cutting 
spirally between work pieces using a ball end mill. If it is pocket processing similarly, if only it will specify the 
diameter of the tool used, and the magnitude and the depth of a pocket which should be processed, it is 
automatically displaced relatively so that it may become down cutting spirally about a ball end mill and a work 
piece. In the case of recessing, if required [0.1 or less D of the amounts of infeeds of Z shaft orientations of 
the bail end mill of a diameter D ] if only it specifies the diameter of the tool used, the flute width which 
should be processed, a flute length, a channel depth, etc., a setup of processing conditions, such as carrying 
out and carrying out down cutting to the D/2 or less amount of pick feeds, will be performed automatically. It 
is more convenient if this subprogram-ization is performed using the macro program function of an NC unit. 
[0044] 

[Effect of the Invention] The cutting section is supplied certainly, without the high-pressure coolant of under 
cutting, always sufficient pressure, and a flow rate being barred by the configuration of an intermediate cutting 
edge or a work piece, since it blows off so that it may hit in the rake face of a cutting edge directly [ the high- 
pressure coolant which circulated the coolant supply slot which was formed in the shank periphery of a cutting 
tool according to / as explained above / the cutting approach of this invention, and equipment ]. Moreover, the 
coolant made to blow off along with a cutting-tool periphery by the concave file rate prepared in the interior of 
a tool holder is similarly supplied to the cutting section certainly. Therefore, since **** of cutting heat and the 
discharge of swarf in the cutting section are ensured [ quickly and ], processing efficiency improves, and swarf 
bites and it is crowded, and since there is no **, highly precise cutting can be performed. 
[0045] Moreover, since ** **** * * is large, the life of a cutting tool is extended, and it is economical. Moreover, 
according to this invention, since it is not necessary to change the jet location and include angle of a coolant 
by the die length and the diameter of a tool of a cutting tool, it becomes easy to attain automation. 
Furthermore, the method of according to this invention, giving the infeed of Z shaft orientations, while moving 
the rotating cutting tool to the X-axis or Y shaft orientations, spirally adoption, ball end mill, and work piece of 
contour-line contour milling Adoption of the punching processing approach sent so that it may become down 
cutting, and the amount of Z shaft-orientations infeeds of a ball end mill have attained improvement in 
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processing efficiency and field roughness by adoption of the processing approach that 0.1 or less D and the 
amount of pick feeds become D/2 or less etc. Moreover, cutting of the unscrapable material work piece which 
becomes by high degree-of-hardness material like metal mold steel or hardening steel or high toughness 
material has also been attained. Furthermore, according to this invention, the standard cutting pattern was 
subprograrrHzed and creation of troublesome NC program was saved labor. 



[Translation done.] 
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LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCR IPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Dra wing 1 ] It is the block diagram of the cutting equipment of this invention. 

[Drawing 2] It is drawing showing an example of the end mill by this invention, (a) is a front view, (b) is a 
sectional view in alignment with A- A of drawing 2 (a). 

[Drawin g 3] It is drawing showing an example of the ball end mill by this invention, (a) is a front view, (b) is a 
sectional view in alignment with B-B of drawing 3 (a). 

[Drawing 4] It is drawing showing an example of the drill by this invention, (a) is a front view, (b) is a sectional 
view in alignment with C-C of drawing 4 (a). 

[Drawing 5] It is drawing showing an example of the milling cutter by this invention, (a) is front view ****. (b) is 
a sectional view in alignment with D-D of drawing 5 (a). 

[Drawing 6] It is the explanatory view showing an operation of the coolant of this invention. 

[Drawing 7] It is drawing showing other examples of this invention, (a) is a sectional view in alignment with the 

medial axis of a tool holder, (b) is a sectional view in alignment with E-E of drawing 7 (a). 

[Drawing 8] It is drawing showing another example of this invention, (a) is a sectional view in alignment with the 
medial axis of a tool holder, (b) is a sectional view in alignment with F-F of drawing 8 (a). 
[Drawing 9] It is the explanatory view of the cutting approach by contour-line contour milling. 
[Drawing 10] It is the explanatory view of the cutting approach by both-way processing. 

[Drawing 1 1] It is drawing showing two kinds of cutting approaches by comparison, (a) is the explanatory view 
of down cutting, (b) is the explanatory view of upcutting. 

[Drawin g 12] It is the explanatory view of punching processing by the ball end mill. 
[Drawing 1 3] It is the explanatory view of pocket processing by the ball end mill. 
[Drawing 14] It is the outline block diagram of NC control device of this invention. 
[Description of Notations] 

I — Tool main shaft 
5 — Tool holder 

9 — Pipe 

10 — Fluid swivel joint 

I I — Coolant source of supply 

12 — End mill 

13 — Coolant supply slot 

14 — Cutting edge 
16 — Shank 

18 — Tool wearing hole 

21 — Collet 

22 — Slitting 

23 — Ring 

24 — Concave 
W — Work piece 



[Translation done.] 
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[*#IH»*a>ttH] 

SffiO)«^gpi-[SlltT*4^i:¥^Tl;'>^< 1*<DiS^ 

* -7 > I- ££tJiS L fcttMX* £X 

**ju$ri-»»u «rexji*;u$f<D«i!ni*»*fl.i= 

AStsgro ffljtj spwtf) so i= isi it r we* — ^ > b & m ft 
iHy £5-x.r>-<7 Sttfldiuixr & ,t 5ic Lfc^SMnx^ 

[1S#JI2] xag^7L(DrtgSI-$ft^t¥^IC'>^ 
<tt,1 *<7>[HUt2#©^-5> h«^$SlJSLfcX* 
t^yi^ll^f L. SfriBX^;u^05XftSS 

•7-5 > HJMfc*WI=WE*— 5> hS3Sa*1*. flf5 
WE£ — ^ > h£i»aiL. Krffi«SilX^$EllE$1i-JEcA< 

b^— > ,fc©iH-e4§**i!£y 9— * ^mmn-rh 

*5l=Lfc«MlBX*S£. 

[M#Jl3] WE«M«x*©z ii^raj cD^&^fi. X 
$4 * fc 1 4 Y $4 $ & IS $ i* ft *< b Br 36 *«J & t? £ 5 1 = L fc 
W**1 *fcl±2CE*«>«IMiOX*Ss. 

*MMMI*Mnxi::ft4 <fc 5 l-fT?HS#JK 1 £fcl4 2 ICE 
«©«)SISnX^5£. 

[»*«5] WE«HMx*i=t|«— ;h> Ks;iSffl 
>±>v HrftS<fc?l-Z$ft^|Sjro«oa^<!: Xfttifccfcu: Y 

•**Ri©fi**ay «*itr?t*itiinxsiT5»*ai * 

fcl* 2 I=E«©WIM»X**. 
[H**6] WEffllWXJllctt«D©7|?— ;ux> K5 

;u£ffiiv K*— ;ux> h*5;nr-^^sz*4^inja)«ja 

*M*0. 1 DJilTi-r^WmH 1 *'fctt 2 I=E«<D«IM 

Adx^ 0 

*f*j it y © e * ^ -r — K4i4 d / 2 kit t r ^nt** 

6irE«©«MlBX*a. 

[»*«8] §S*«5ftL^U7a>t^*lAM«l=EtE 
©«fi!lnx*at-c*a!«^«A*L«ftif(0»Bq*t$JDX 
•f-5S)S!]»nx:5£. 

9 ] flreamx * 14*— *x > k s 
Hcft4*5ic«»»»si*4ft*ifanx^. w 

>t)v b\zt£&iio\z1&tt&WlZ-£&-#>Tv Mraxftif 
©ffij|MZJPii)*raXA$ — vSt^^P^At LTN C ~y 

t^diLTNCttlX-r^|»^«1 ^fcl42fCEeO»«)S9ftl 
X^jS. 



[f*#jgio] x**i*njiii=*>*>^»fl>*«i^e. 

It tt Tf 02 » « © * - =, > h ftg ,H $ «|S L fc « 8 i] X ^ 
^0fflXJi£g5iU WIS£-5> htt&JSl-^- 

t. *-5> h£WExs*;u$"©*-5:> h<£$S?U- 

$ 3£a L T WE«J giJXft©^© 8P©^ ffl £ 
E-C'WilioIffilcLfc^-^^ httl&aii:, «EI*#^ 

-CffiMIMfeft4X.«iK y SMi: Lfc^Stoxg 

o 

3fc^©«)5ggpicia]ltTtt$S4:¥^Tlr'>ft < tti *©lt 
««-CIH»«fl!>^— ^ > Mm Lfc«)iiJXS 

5> K$»A-Ti>^-5> htt&tt^LfcX**;^ 
WExa*iU^*S»-r-SlsHE±W<t. WEX** 

*t. MEXA7|5;uy©^— 5> K«ISTLI=tt«lRr«ft^ 

E^iT-3SAL. ^> h*<ItrE«JSiJxmi=Sltfc<7 

— ? > hetJgjt^sita LT BtrE«fflxm©5t^i<D«I53SP 
CD^ffljS^SEET-WajRT^lcLfc^— 5> h«^<t. 

t $ Afll Lfc«9MAlxSa. 
[1***12] Xj|£|»TLa>nnsl=Uit£:^frl=K 
litz'Pte < <t t 1 *(DD3^ttro-j7 — 5 > htt$S«$^ 

> h^>SAnit||-Lfcxa*;nSf<l:. 7>h$BirE 

h3&<»trE^ — 5> KttlftaiWSSSaL. WEI 
*K»fl.l=«*Lfc«MxJl<DnJBlciBor»«MX* 

©5t^ro«)3Dfii5a>«jWj*iciPiit-cSE-eisa3t--i>«k 5 1- 

t?i±^in y t ZMffi l fc«om»ixttfl. 
[»*jsi3] «Mxn*ftitA*i-ciEi»r4^ry»i 

>h$3>ABr^|cLfcxm7tv;u^i:, ^,—^^^^ mi 
XH*;^ro^- v> h*$&fl.lcSLxE*T*3PAL, IS 

T f ^«JfflX^(7>n^ o T^«JfflXSCD5feiffi0)«]?D 
S50«!)&I*lc[a]!+TSl±T*«tb-r-S < fc 3 ic Lfc^7— 5 > 
hfit^Hi:. WExa*;u^$S»f'&lH£±ISi:. W 
EWIWX* i: 1— 5 t ©M-Ctt»»» £*Tfrl**a M S 




t 



(3) 



- 1 3 4 6 4 8 



[000 1] 

^SStl-ttlt. ^:h.£ilSS£j&8FLTXS*<*<!:^ 
a. fit, ^3^£Sl-fieittl::«8iJfN8£fr5x1ZI 

•tlcfl-lf So #J*.l4. x> Ks;Uco^T#;t-i>,!:, x 

[0 0 0 2] 

tjgsiJJraxte. 7— >j:y«<rai*xjl 

frit. WBfftffll=«fey«IJRt*4*1* , 3— : f *HrSa»« 

«I8!USM4. xarox«J3DgpiceS$*Lxmro#^$S< 

«IWte©*m (BIT. WI=KM*r&G*-r«) . 

05*14^$ >^A Hoy 600 (BrSS-f >3*-->U (SSffi 

14. WSi|JtoX-^SrmaDX-T?&lN<!:. znt>05«*4$»DX 
•*"*;i£li-T?&fcfrofc. 

[0003] c*ic,o>raa*^:fls-r*fcftictt, 

> hfc-ttl=tt**l**JEti+*tl;ftt&«fl\, WlM&jtti 
14. «IWtoXSfc*tf*©jfittl=fc#«Cffaiift*** 

— 7> h^gjTDg&d&fS-r LT, VLCnZ^XD-ft 
*jWBttfc*oTl»4. mil*. HrlHXJU— Xtf>K;u 

5> h-efcs. c<z>73&-ei4. KA<. 

»»4*ifcXJli:lc»l+6*tfcf — haB*m*a 
aLTX^3fe3g^c>iStB$*t-&. te0>7j;£l4. *;U— y 

9—"? > k ftt&aifr £ xa^fftro^ss^ c, T- lift < sic 

sa#^^LTX^7|x;u^wiz«fg$n* e 5> 

H4. *l*T'. XA^;i/jTj3J:I/ttXA^U^I=S3i$ 



rxSjt4S*^qJtUl$*i-5„ 

[0 0 0 4] -*«Mx*lctt % XA&lffr&5»ttl=n 
itT*Mil=?ft-3T«ii?l$»rtLfcx> 7f«— ;u 

l*fctf&tox*fT3i»ltMnx*afc.fctf«1l!&<fc5. % 
2 OTft3fc8Effi£ LT, SWf?¥ 1 -1 3 2 3 2 7 Affile 

7jisnrjs?i$jiji-rst*i=. *>-*>**uai=*?:/ai 

— 5>M4. -to**?— - &n«S^3itUlLr 
->-V»>->nSI=:iSl+fca^e>^— t> h 3b<«*&**L* 

Ss3 0>fiE3M£ffii: LT. Sfif 4-2 7 4 3#^lcS 

tta>x> K5;uA<fe-& 0 C;h.l4MlS^$8a>gM ^l-*?" 
50 < . x > K 5 2 0 <Dtf-ffliki%U\Z^ x > K 5 JU 

*f*fl)5^73iSiicj9oT. x> K s ;u*{*o^aifi|AN c, 

L. xt— ¥>jS«?$C©3l2 5ir|R|ltxi«aj$1*-S«fe5 

i=L*:ia>-eft-5. ztuzk-oTmmtfnmizmiiiBim 

[0 00 5] m4<Dft*8a*,t LT. ?l|¥4-253 

0 9 4»a4KI=Ett<DtilM£&£ J: tf-t*tl=ffl L^*»«*« 

C*tl*xm<73«l^li: LT^fikfeT-SS^SOt 
O^ffllV Stt^KttiUy X;uAxf,«iHjaic|SioTBtaiff 

1 0kg/cm2 m±0DJSl±3ii(*$aSt-r-5J:-5lcLfc4,a) 
-efe-So ^tLl-«ty. Wffl.£*<SI£5aH*l=J:oTlBB#lc 
* * *l, « M Jft -C-(D^f^A<^ A/ if X^tt <t i;«JfflXft 

ItLT> 3Mg*P4-7 3 4 4 0#^«ICfg«a>Xf^ti 
«lcfclti>lHli£xmcD^gSA<fci.o fcf£L. tt&tt 
l4*l^a>S Wg^ttiSiroS® mm B VMlz'&ffi $ Hfc 
CD-e^flIiS^-ei4ftl>A<, *iS<D5feKI-^fci)(D-C## 
C©a*<DftfBI4. X*t*|=0|E-r4iaiK 
»*tl*ilc^— ?>KD|ftaiB*»rtL. ISJS;4S&£DaiP 
ffllTfeiiffi^xAonSI-lniltTllljSLfctroT-fc-So tt^S 

4*i*^-5> hixjitiiH-EUgft-ese-r*© 

■e. ^— ^> K*<iue-r^xftizi4i:#sii4$^-s>ci: 

§s^i4. x. y , za>aya»*(ToT*Kt>*ct 
A<ft < . ai-xRo^Lfciasic^— 5> h*<ei^$ 

[0 0 0 6] 



« 



(4) 



f$B3¥6- 1 3 4 6 4 8 



CDgjgiJiDlSBCD-C # <i> fc* lfj£ < 1= <7 — 5 > h L J: 

^A<35®■r>5mJl^L^^f^}aL^clt^tl^^cf»^ct^7b^ 

<T'#-f. 5> hat*3i«a«**t* 

«8"]£frfc5feL*8yfMi&a>xm.!: UTro^ >v 

Lt> frL^fiDX-f-^ fcC^I-;S*i*A/T-fr<fIJ£ 

Sjs-e@e-r-sx> K5^a>«)s«x*©s^i4. 

»****uEtH-*vtf*6<El*. J:ot. COB 2 

Ifi>K5^. 7f5— ;n> Ks;k K'J;u, 

w i - a « -r -5 1 ~ i* m m *< & *> . 
[ooo7] m3o^am\t. enmviox?— \-m 
& m # is * > <? u i = s * is t w m m m m * t l $ 

KA<[4CA^tLTXmx«I^JSP*T"j7— 7> h*< 

*« a jtttn»i^«g y anx. ;h > k = ^ k u 
»<o3t»<f »ai-^ffia«:iajm»taA<(T frftfci^ i* a 

)W?5ft$:%.7LZ>&W:tf& : k>o $tz. J X)\,tn — 0 t 

ttz y , issx y ft*<D»*i=te o fc y -r •s^ss^ 

©9— ^tficjftif &*i«JSaJnxS»^-j7— ^ > h*<lt}t 

feSi5«rt <7>$S;fi^t±l □ ^xmCDHS I- IS) ItT^JS L ?Ef It 
*tl«t&*\ XSSI-l5i:r$&;SKttJP<7?!!tM 

n g £ se & 1 t *t 1 1 * t * 1 1 ^ # . 

[0008] ^s^ro = ^ftJtt9— <7<DV)Mtin 



-r-st Ky;ujraxfflfc<j:i;x> K5^*Dxffl©2a^o 

xft -V> N c ■? a <f A ^ ffl S L U It +t IS 

y. *Dx^It'lrfcL^rx*xfe$^T^'5:lt^tl^'d:t>-r^ 

Jraxfig^A<SA^fcc. x>K5;ufc*itr-7K'7--> h 
Anx^H^Tcfl^tt 7— > 0)m^oxA^ t,tt±if Jrax*r- ^ 

-r^-^*,. x^s. x^gicctii-r, ^ir^^cii 

^ ^^-r «Cl=%« $ ftfctJJPManx:^ i u: 
x-^ScWSax-eLAvinxT-^tcA^ofc^Jigw^^t* 

±i-f -ciox-r ^>«jffl*Dx^ §:tf^„ 

[0 0 0 9] 

«i sij*dx * iz ^*-r $ t m m t z mm? <r> \z % & & 

2— |trlE->v>^gp^^e>^)&ixaa55feas 
l=|ojitTifi35ttl=^lRlf*itT«IffljSiritJtfl«)l=:iftaiL. 

fit. Biiie^jgijxa^^-^ic^LTis^Mic^i-or 

*E9- >^fi)ffSff$«l-iQXt-i). ED*., xm*t*:H^ 
V > <7 Spro^SgAN t> Stagro^gpiz |S) ItTWS t ¥■ 

jS^^Lfc^j&ixft^xa^^^icg^L. sfjtexft 

*;u^<7)9)fflxmga?Licaui±*ro^-^> h$«A 

SUlS^JgiiXftO^-^^ h^J&SrtlrfliB^ — 5> 
h$3itii$1+, mrie«)«i]X*5fe4S©y)^ia5<73^Jfii|*lc|fij 

itriifrie-*— ^> h^ntfctiL. friB^ogiixa^isiiE^-tt 
[0010] &tz* ±ieifi«)^Sfi£-r-5fcfti-*^BJ-e 

I4 S XM^Sn(DrtSSI^i4J*i:¥^tlr'>^< tt 1 * 
»i«8fL> ffrexjt *;uy<DXMg^fl-l;SUBE 

^jcD-j'— 5> l-^AU miisxm*;u^a)^— ^> K 
-3 t sfeaso^s&rotrmiJjS ic is) itr uriB^ — ^ 
fl>fyjr-ffi*i^y f4x7-^ ^«j§wx-r-5<fc ^ i- Lf- 

A^3fe^O)«]3ySPI-|S)ltTfifai:¥?Tl^>^< it, 1 * 



(5) <f#&B¥ 6-1 3464 8 

• * 

• » 



^t. $-7> h^BUlSXa^^^ro^-^^htt^ft 

|-;glM±7JT'S|AU Mt7-5> htfrnte?-^ H£ 
»3l*3KlLT«nE«IIBXJl©5fe«©ffl33»<DWB!lja[^ 

nu-t?«***» jl y gat Lfc«m«nxtt 

[0 0 1 1] ±eBM£itJ*r*fctf>l=**iPl-c?l*. m 

i=fiiitrmitT!Ti=*tt< «t 1 1 ^cDE^ttr-ia^tt 

7>l>flM&fl.S*LfcxJl7M,$ffc, lWEXJI* 
;u^$g^-ri)lHlSxat. *rExji*ju$r*«rEEHE 
x$fii-g*-f S Kp— i*3icRit&*t. WlBx**;u 

i. 7> h£tflE7— 7> h#tSe»£7>LTliilE 
i*jM,$r©$— 5> ht*$g?ll::SlME7JT*»AL. K 
^— 5> h4<ltnB«IIMX*l=»l-j-*:^— 5> 
3£jiLTfrffi«giJXA©3feSfSa)«J33SP©«JS«^^SEt? 

[0 0 1 2] **Btt?tt. X*g»?L<7>l*JjgSIC 

ILti;-7> h*a»ARTI6l=LfcX**iU5ft, 7 — 

S L . HEX A£»7LI=tt» l fcfflfiqx*<DrtHH lc?» -3 
TKfflfilXS<D5feSBO«J3DSPa>«JSI^il-lRlltrSJE-Cidl 
tb-r*«t3l=Lfc^— v^hftl&St. ttEX*rt/U4r 
^g^-r^HllcXtt.!:. «rlE«»UX*f7-^tO!)BT? 
*B»fMtt**TJp1*5i5l y SSt **« Lfc«OWftlX«« 

[0 0 1 3] MIC. aM&WCtt. ^JSiJxft^gltAtLT 

-5> K*«TEX*?M,$r<D* — 7> httfgmcS^E 
U i^-7> K-jMWEa 1/7 K©-*-y«l3l* 
aEiiLTffi^UTL^«J^i|X^.(Dn®l-/ i SoTS«)BlJX 

*©5fe«©«33ffl<D«iii!ija(=iRiitrKaT?«ffir*«fe5 

®i£X$i6<h. «rE«IMXJlf7— >t(DlBl?ft»»ttS 
4. 

[0 0 1 4] 



«os«x^a)nffli-»oT«)S!iftixss^isaj-r.s. cot 

^ — 5> l-«»3ltt«fflx||±«l3g»©WMjSlcfi| 

tt*r«iwinxa^ittt»i=afc*j:5i=«ai*4i*. 

7— 7>Hi. X*#;u$rfcJ:tf«B!xJlfcra-ayt"C 

*i=«iwiox»*3*spl. ««t*ui-r*»#*-r 

5. *fc, COTtt^-^vHitt&JxAi-fSitfcv — 
e>*v-SCt^<5tSllc«JBiJi!inxgpicigai*+L-5. SIC 
t?. x^S^xA&i:<j:^TigtbS£££*.-S£g*<fc 

[0 0 1 5] 

#mtZ>t* Ilttt 1 li. v>^*2 |C<T u 

4i=«feyia«i4*L*. x*^uaf5i*. -to tissue: us 

tlCfctJ. <0jfe«|T— /<TLI=»»**i-5. X 

s*;^ 5 li^r— 8 ic«k y iae*rair{4aj*«)*^4. 

Kp— a— 7ii. x,axli 1 ©tt^icjftoTSiS^^fc 

^-5>> H18§9 £S<ILTt^-5„ t£"7-7> f-iI8&9 
li. KP— /<— 7 , 9S»«LT«BSLTt«fc 

tx„ kp— /<— 7(D3fe4Sli^;u7s$ -j K6l::M§Jf LTX 

aj**ifc-7— 7 > Hi. /W^9rtizsiya*iix4«fc5 

IC^ l e £-^TL^4«. 
[0 0 1 6] -73. H*;^ 5 05feS|gPI~lix> K5 
;n 2 A^S^gSlc^g$tL-5.„ x > K 5 ;n 2(DII 

*#nai=ii. ^aroiHi^^^Lfc^-^vhtti&jii 

3A<i;^j?DgPii:BtI$T'^$tLTLNi>o 7;w$vK 

6. x*7tx^^5ic(i/u^9«»:iaji-r-sma?L*<^i§: 

ilifiL. I>KSJH 2<D5— 5> hfit*&*1 3 $S5fi 
LT, flk^MI-X > K S ;H 2 0)X«3?Da5IC|S)ltTI!tai 
$^.-5«fe5lc^$+iTL^o x > K 5 ;n 2$lalg$ 

•t±?SA<t>. ^*L^^L^^7— i7 tofSivx, y. za>=&$4 
«)BijJnx-r4«, ::t-> x^xfS i <©lHll£$4<7)7Jia)lc z 

[0 0 17]^2li. *f6ffll=ffll^*i> KSiUO— M 



(6) 



» 
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-Cfcy. 12 (b) I4B2 (a) ICjSlNT^fgA-A 

£Hfc«J3g 1 4 a, 14 b. 14 c. 1 4 d (t 31 If 31 1 
5t$SLm. >^ 1 60>*Ui[cl4. D3»tt(D 
£ — 7>htttt3f1 3*<X>K5^H 2 0)ggi1 7fr 
fclfiHirSpfrl::. m2C0tJJ3ggp$MilLT«I?D 14 a. 
1 4 cO>*jfe«l«WwR|ltr2*»KLr*4. £-^> 
h<&$S;S 1 3(4. ^V>^ffilxSJK*;KfcSS#1 3 a. 

Mi4c $mffl-r £>sp# i3b. i 4 b 
y. -*^d:^tC(tA<t^5 0 

[0 0 18] C<D£ — ^> httttftl 3<DBf®ff£=RI4. 
B*<&«fc5lzEHM*fi**y-e£<* ¥«H» 

«f&3|1 3<B3E£ffiO>Sd«\ ffl^JI 4 0^SD<fey/J> 

y„ .tyacwa^fcSo z*u4. ^— ^>h«&3i 
-^>h«$gjti 3a>a*«4<. j&rx*s«33»i 4 

i&StffcSo ^— 5> htJttS3H 3 b ^=^03^ 1 4 

c tO&mU. 1 3 c <k 1 4 b tCDXaSBfti'OttfiJtt 
SP»I4. ffi»y*S6LT«ac!)*ltSI»±LTt^4. 
[0019] :X\z H B3£#HSLT. *3§9§a>7f*— ;ux 

>K5JUCO^tRWt5o B3fZfcl^TB3 ( a ) 14 

;ux>ks;h 2(7>iE®a-efey. a 3 (b) \tm 

3 (a) fc*5l\r*tt«B-B|zja5BrffiHTfeS. m 
3 (0tP-;ux > K 5 Mt. 4 tfc^DO^— ;ux > K 5 ;U"C 

fey. -«fcLT*— 5>h«t63H 3*<4**JH$*i 
Tl*£. ^-^>h^^*1 314. v«V>^7gpi 6(C:> 
t>^7tiSl1 7^bVV>^ 1 60tt^<t^Tf^^O 

fttttti=MK£*iTfcy. *ia>«3a« 1 4 a, 1 

4b, 14c. 1 4 d(0"T< l>®l::[n}o-CBaP$*iTl^ 

1 Iftiffl 14a. 14b. 14 

c 1 4 dCDf < l^®lCfS]oT»$*£;K£ e ZCDffiEE^ 

«3J»lztt* L cfc ? d: -r * «JS $ IS L r mtk $ 1* 5 CD 
T*fe£ 0 iSot, ^-7>hSl 3I4l5»0>x> 

[0 0 2 0] B4I4. *5EBB<d KU^ua)— B5**LTt5 
y. B4 (a) i4Ku;n 2a>jEffiBrfey. i4 

(b) I4B4 (a) (D^ffiUC-ClC^^K^BT'fe 

£ e BE»(DX*ira»|:: % h«S&3i1 3#. > 



[002 1 ] B5I4. *S£3?<D:7 5-f X* v9 0>—< 
^Ltfiy, B5 (a) I4:7^>f 1 2 (DUMB 

T»*y. B5 (b) I4B5 (a) <7)*ffi«D-DfC?e5 
BrffiB-CfcSo B 5 izltz?^^ xtj v$(Dft1kfflt L 

t\ fcyst^^-f x 1 1 

iT < l*ffi|zfi)/r*oT£*a>$ — 5> 1 37b<£iJtS 

*ttxi>* 0 ca>«ir«*r4ctfccfey. ^-^>h 

[0 0 2 2] B6I4. *§tm<D?—^> KDflFfflS*-r 

KB8BT?fcy. x> ks;h 2^X*7tv;U^5lcSSL 
fcBT-fe^o x>KS;n 2CDv J r>^7 1 67b<. X^t^ 

;^5 0ilgfai 8ixgs$4x* e ^-^>h«*& 
31 (Bi#RB) (Cck yjaffiS^xfc^— ^> K^. 0-^ 
>K«^?L1 9?IotII8fai 8lc3lEA-r5« * 
l^X^ Wit— ^>h(4. «TlBXO(Dia3t 1 3£3£iILT 

x>K5JH 2 5feig7^fS](c[Jltii-r^o x>K = ;n 2\Z 
c fc^*px4 3 (4. xi±|i 1 , iiw?5, x>K = ;u 
1 2(4^(c[H)tEL, WSPCD^ — htHcais -elate 

>h«l&3ll 3*>&«HULfc^— 5> Xl±tO^) 

oK g /cm2 ) x*^-^>h^^-r^ e C+tlziy. ^ 

-7>h«Ml 3^&«aLfc^— ^> h!4. tt&tf) 
t&3ti 3CD©f@S(4. x> K5;urtffl(c?L*ablt«ck y 

o*y«Bflftlxffllc«ia**L % iE^lz^lg!jf^$ 
»f»L«J«£»ai-e#£o x>Ks;n 2CDv-v><7Sp 

^®*QXCDii^l4. ^>-^> 1 3 a t 1 3 b t 

(DM. 1 3 b t 1 3 c t(DB(0HttS^&9 »5> hi^ 

Sttajurfcy. x»ffe«sif*xy-e«:<«^±«f3t? 

xiz»LT«H(»(D»»ficfetf«S»aiftffl*fT*4© 

[0 0 2 3] B7 (a) 14. *3£0£coifeCDSS£0iJ£;F-r 
S«B*fiRBTfey. B7 (b) 14. 17 (a) 
E-E|C;^5©T®BT'fcSo B8 (a) 14. ^^H^CDM 

l-»J(DSIffiffilt*rS«B«JSH-Cfey. B8 (b) 14. 
*aaF-Fl:jft5Rii-Ci54. B7. 8T-(4. 11 

(7>asij»nxMso^ > ^m^m i 3^sij^ufcx> 

K5;KDftt>yfc. 7T— A^'^xC (B7) ir. =i U 
'Vhff^S (B8) <DXS*;uy£S^T. — v 



(7) 



* 
* 
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0-=?^ V m^Lii 7 0Kg/cm2 ) I4x> KSJbtt/il:: 
[0 0 2 4] H7*#Hg-r4t. x**;u#5H ^r— 

/<*rtl2 6 fc*S?»2 7i£*n8i»2 5$JMIL 

SSdBBPLTl^o x>K5;n 2A<, iSgfH 1 8 

»J>^2 3-C*li-*'*CtfCj:yB»**L 
'J>if2 3lt J r-/\ e n@<b^^-r^)^-/\ e rt®2 
8t, a*tt(D*^»2 7 t««prt6<E*S/«2 9 t$ 
MLtl^i. *SH»2 7. 2 9^Jtt, 
2 3 SS*SU2 5\Zl&1tgTfZ>t J T— /<S 2 6. 2 8A<S 

a* cttirj: yx> ks;u 2#x«»fl.i srtfc 

[0 0 2 5] Xftg»?Ll 8 14* ^l/X«^K60)Jia 

8a>WJ8ffil:H4* ISftJl@CDItg_iLl 8 0° 
G)fififc»raLT2*(Dia3l2 4A<Klt&tLTfcy. tt 

H»24ii. *5<fei/S*$tifcx>K5;n 
2CD4 , ^tt<t^icx*^;u^5a>5feag®*r*SiS**i 

Tl*5. X*S*fl.1 8lcx>K5;n 2 

za>DD»2 4l*x> K5;H 2(Dn«lBtl3«fey^ 
-5>hStiiBt«:y. II8tai 8lcagA$;fxfc^ 
— ^> M4. Kl3f2 40>tBP^t>* x>ks;h 2(D*t 

[0026] ;^izH8 £#Br*-*£. x > K 5 ;n 2 
li. a h***$fzj:y. x*7h;u5r5(cft#**t 

U>^2 3 ££*ffliLTl*S. 3l/7h21 fAA 

*iRiicBia**vfc4oa>-ryfiy 2 2*<. rhsiriiz* 
ftfiBiH-cEK$*tr^«. isryny 2 2fcj:y. =i 

h2 1 l440<D»#l;:$MHS*l4*^ •f*l-f f tl©» 

»i*atty>y3 2iz«fcy«sicatt**tTL^s. =iu 

7h21 I*. 3l/*;hU >^2 3(Dfl6-&B3 1 t 

2 311 3 h 2 1 0 t«St6ft§B3 

i xft7h;uy 5 0*i^SB2 7 fc«4-T4*s?»2 9 

t$*flHTl^4. *i/»2 7, 2 Qtiyau^ h'J 
>y2 3 5xlt^5|:i!gft4(!:, «^®30, 3 

l:HLa**i, c*tlcj:yx>K5JH 2^K***t« 

[0027] Xigf^Ll 811 ^;UX5 K6G)Jta 
fl.1 9^Lt^-7> KiIS§9 (BIM) £gaL 

— 7> haisj3<fcixita?Li 9S3saLTxfts»?ii 
srtiz^A^+t^o ute-t y « y 2 2 n ag'j>^3 



2tf)*ifeffgnSU3 3^^LTXMg^?l1 8 tllLt 

t^So X«3£»A1 8lz3*A£;fxfc^ — ^> M4. 

y>^3 2<d**bbpsp3 3*^lt. -rywy2 2i:: 
ssau tt-rywy 2 20>ajp^e>x> ks;h 20m 

^7 — v> hCDfMBI4. H7(D«-&tElfl|3B:a)T?!ft?Bi4* 
[0 0 2 8] ftS(Z>^7 — ^> hRta/ 

x> K5;Kz|Sll+T«»-r4^a*<fe4*<. iSST'SIs 
r*x>K5JU<DJBHI=l4. f$IS^2T*[E]6-r^^^® 
*<*y. -t<DSEftB£jT%«oTx> K£;KD«)2)6P<7) 
f < L^aiirEftWt^— 5> K*ax*0)l4HB-efeo 

fco o*y. ^>-^> hi Rt^ifffiftJi-ci4i:#j|i 
xa^^^rtgpcDiHjit^zi hotyayas^LT 

x> K5;urtJBl::jBoT£--5> h£i8ttiLfc#^-ex 
lefty. S6«Ui**T%«*Cfc«Kx>KS;Ui«33» 
[0 0 2 9] fsfc % £ — 5>htLr«}BI*fti:<Da(*: 

i**ye<p<. auj±xt— £m\ ccD x^ — ^-rsMj 

##£Bj§|- ,t*«lMJ!lOX*afcJ:tf»1H4. ^(DcfcSiefll 

jSLfcctiCcfcy. tt*a«(Dpjiaji!i-cfe*«iByx*rc 
*aft*»jiM-*HB*#fc<* L^t/haxAo>»* 
i3jtaTL*ia:itrx*a)ajt3&<^E Lfc y . na^/h 

*^»X»ttl=J:oTI4«B0»X»^lt»ttlz^— 5> 
T*^ 0 f -5 S SB I - 1 - 5 > h 4<I4 C * ^14 $ *i ^> 1 1 ^ 

[0030] *mmmv\t. i-=?^ v^^m^t^m 
*fc*ii4. **tftya>ja**«ii-r4. l^l. ^7— 5 

**;^$iL^rt, »»Lfc«B9x*nHic»or^ 

MIC KidiCD^Sg^Jli. x;^t°>K;^-7>hS 
^O^^IzoUTlft^ Lfc7b<. x^Ttx^yr-^— 5> h 



(8) 
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[003 1] #lc % B 1 cD«Jffl»ixgS(7)Xft7fv;uy 5 

ft£r7-££taX*r&i§^£#*£ 0 Z|fi^iS||Cf£lt«I 
&A/-efT<fllX*ftl4. X*5fe«a>«H>f*iSI=«Xl36<# 

#<ftofcy. «MiiM^*<ft«*a)iitt«iMtttt 
a>T*:£x> K5;u^— ;ux> Ksju-enyxEif. ft 

x> KS;Utt^o/c2ag(7)X^:ffl<Z)NC7ny^A$ 

ft « l ft it*iii ft ^ o t y . aoxaa-ex 

L ft It tilt ft bft£ N o y ffc*tt*tf»fr o fco *«9l 

tt]X^5iiBfl3FLT^So t *> 5 A. X (D t £mK 1 — 7 

lc^&i+*ax^7K-!r^ h^inx^-micjg-r x £*<t?#. 
*nxflg*(7>ffi±£BSx 4 • 

[0 0 3 2] 5fe-T\ B9fc£l/Bl 0J#ILT, 3# 

s»«(D«Biaxs*K«ii»aix'cfT5a)i:. amsn 

xrfr3<0i£%&*<*«^£**So i9W>7 h 
Jpx*»***i»ttx-eJiPX-r**$fl!)x*eB*HS 

LTfcy. Z$ft*lp](7>S$A^Lt^fBlcj{JorxSl 

2*x-Y?B«tay, 1 JilelLf-^zli^ftirx 

1 2*StfHSS-frS«fillJ!inx^-efc5 D X;frlz*JL 
TBI 0(4. Bt»*©^^ h*nx£a«*ox-r£it 

ta>ift«s*H*Ltfey, in 2<7>Yis^[p)fis 

J^LtfcJ, X-Z¥SWl?Xl12S-a^btt 

i£^isnzx-z¥@rtrx*^iny«iBijttix-r4 

[o o 3 3] a«flnxi4. tk^-> h pommtmmto 

isj3W*fbL«<*px3b<3p*S-e**. £fc&B£fci4m 

fcy. KBtOST'liDXLfcyLT, JlDXffiHr(c«k y «B0 
S*ft<*ftLTffifi«*<tf&o<o ^JSHMtSMnxli- 
n E 0XlgS I Z fcl 1 5 *D X * CD a# <7> * §■ $ t -ft 

aa>ft»3^/h*<itttws3eLfcaDXA<fTS.«. 

-B»r<Btt)3J-c?»)X LtfcU «JHH5Sff t ft l J ®S 

g*<£j--e&& 0 *#irSSS^5*S*i4tt±if*nxa> 
«^I4. *KjttiSBtax*<#£Liv 

[0 0 3 4] 11 1 li^fifliDX^C&ttffi^Xft 1 2<D$ft 
IS*|fi)**e>JifcBT?. 11 1 (a) tty^>*^hSB 



1 1 (b) 147*^** h**3h^4x«LTl*«. 

«B<LaHT^*a)l=»L. TV?*? MiXll 2<Z>W 
S4<r7-^W*-T<t^±lffti<&WIWLJl(T-r«. ^ 
>^^Mi, «0Si< , 7-^Wi:<^a*f, 

mat?— 9\Nt<D?$\z-j-'<y j t>< 
t^o *fcr-<y^**fc»y^>*^ hct y*tt*<* 

«*iTl*4jft*<£<. ttSMnxi4fc4^<y^>** h 

[0 0 3 5] POlsilV h*fcl±T->^*^ Mi. r 7 — 
£(7>fii]®*>. TK-ir^ KDrtfflE*PX(D«fe3lC. §gxl 
a>-^ffl!jf£l+-CJOX-r4a^<DSft-efcS 0 ;gjjnXtf>£ 
5 iclaiex^CDX^CDflO'Cf^SlzjtoX-r ^>i§^[4. 

ht7v?ijv ht*<##LTfey. a*. tb± 
If ft^tMBtf*^* * Mxft^cfc 5 l:xit7-^ t 

a)ffi»»MSff*?-a-*o ai*a>x*«B$sps±-e5*r 

*y KDrtSffiA^^^*^ H:ft5«J:3lixlt9- $ 
[0O3 6] Bl 2 f*7fC— ;ux> KS^HrcfeS^felttt] 

X0|ji0^Br*fe^o 7^— ;ux> ks;h 2$[5ilnL^^ 
* ^14^-/^0)^4 o^^jox-r^tcDTrfe^o 7t?— ;u 

x> K5^H*l$IS¥^ttO)«J3gSi5A<fcy. i/-v><7» 
I4t^?DSP(Dgci:yS z F$ffl<^iSLrfc^. -B.JPXLfc 
S ^ * > <7 A< d f b ft t ^ 5 I ^ L T Tv: »n X £ f t 5 

t. *«fcffiajsA<affftinx3b<ffs.4 e iiscDx^x 

^^lc«*LJnxffiaflE36<JB<ft* 0 -(DTvfclt^X 
14. #<>^±>v YtTVJ-hv h£*<;g£-f £3IJraxic 

ft^>A<. «^iA<ioxr^<#?ta>rt«ffii:fttt-r-5»»iz 

fci^ri4^^>^^ hlxft-5cfe5lC7f?— ;n> K H ;u (t 

[0 0 3 7] B1 3l47f-c— ;ux> K5;u 2^^l^fc7K 

hP^*DX-r^CDlc. TfC— ;n> KS;n 2$M2E0)cfc 
3lcxSfcl4Y$4^fS]|c^!j!)$#ftA<bZ$4^fp]lctji2i 
^. R^SSO^Jii^-fr^Lfr^x- Y^SWlcfciNT^ 

r#*tta>x*«tticttor*-;ux>Ks;n 2i9 
*-eanxLfc&5r«#a>it**ih».- xwu Ytttra 



(9) 



t 
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*-B-4*lRlfcx*ett*»«*-frTtBi:-e**. ?K^r 

HefcScfc 51::*— ;n> K5;n 2t9- ^wt^tg 

[0 0 3 8] C(7)<!:#7f:— ;H> K5;U1 2<£ffig£D 
t-f-5<t. 1 Eia>ZttlS , |fiJ<D«)ii**l±0. 1 DIUTCD 

it&Mai^sizffl*. i ?asy<&toxi*w*'>tt< lt 

«*£"t*A^ aa^fi 0 . 1 D tf ^ 7 — K* 

2-0. 4 D<hit«W:fc#< L. L: ^ ? < - K*£ 

i3gay<Dinx(*st3b<*#L^a>-c*»**<*#<. xa 

[0 0 3 9] ±IH2|fi^fSj^]iX^fl:0. 1 D&T. X $ 

fc(*Y^^fS](Dt e ^^ — K*d/2 JsiT©*— ;ux 

fT^itraoaajinxizisss-efeSo sfcitiE^— v> 

<fc3*:fcitaQX^. zfa^fr^ix^ao. i d&t. fc° 

V 0 ? 4 — K* D/ 2 U1TCDADX* * ftBfl-PttAilfl 

tct^#s 0 ^3fewsy*nx-v>«cm*DXT*L^*nx-r 

<z>tax£*T7 c ^fcitipx. tK^t-v hto 

X. 3MDX»it»W*tt»tt*LTj3y. $f:iUIL 

14. ffij&<Dmi:tt££m&Ltzi&v^&mmfcLxv-? 

0I4. £ (^-r» ^P^5A»1 1 OtB ^ 
a^ASIll 20t, :7P^A3lfrSfl1 3 0<t. X- 
Y^f— ^;U4 20>tztb<D-y— tKSWSM 4 0£. Xfti: 

W<Dz«i(Dfctoa)-y— 7t€ft9»9i sot, <?—?>hffl 

[OO 4 1 ] BJ^n^f5A»1 2 014. ft&ltflDX. tK 
^■'Vhfc ^ax*<D«*M>S:«JBfl*DXlcStJ£t-*|g 

i&CD^P^P^A 1 2 1. 1 2 2, 123.. . . 1 
2N£*{tLTl^ 0 ^Q^5A*fT»1 3 OlCfcL^T 
i^p^ASgi 1 0tf)^P^A7M^fr£ti<i>o -f- L 

tx itts-r^sinxrrat^-sam^a^Ai 21.1 

2 2. 1 2 3. 2 N*<igg|zBSi$tl4 0 C-5 



frsn 3 ocifci^T^fT^ft^o :7ny^Ajt*T«i 3 

0^t>. X- Y^r — ?>!U4 2(Dfcto<D-tf— TKftlWSt 1 4 

$fjffliggi 60^ *^o$(i®s*aa)fci6<Dfi^3ai{t$ 

[0 0 4 2] X- Yf- ^4 2C7)fc^>CD"9— T^fclWS? 
1 4014. *USJX*1 2$X-Yf-^l/42!Z@gS 
*tfc r 7— ^ (B 1 4(Zl4H^$tLTLN7 t d:t%) ClftLTj* 

*fc«>(z>aiy*S4 1 rr«i»«#*a6«r*. ay?s 

y*«icj:y*j**;h4. iny^S4iic 

cfe y X- Y^ — ^U4 214. X^fcl4Y$fi^^fSj|ZiHb 

*U c*tfCcty«B<x*i 24<9— ^lc»LrBr«»» 

(4. SmOXftl 2^ Z|ft^fp)|Zii^fc^<D^S4 3 ICW 

— (H^r) t**r*a»(Daiy*«c«fcy 
>h«^i 1 izfamimrf&mzti. etuefcy*- 

[0 0 4 3] ^J^I4t^-;UX> KS^ICcfcS^fcltJniX 
**Dl::fi6fflX*g % »PX-r^#^OrtSfccfci; 
S$^fiSL$^-T^(4. NC^P^A^^fe^ 

T. Jtfel+JtaXCD+h^^P^^A^P^l/aiL. xmsss 

?tfeitaixA<^7-r*. -?ut>*>. SE^-7>h^« 

^>I4. gfflxli, *DX*r^#7K^*> hcT)^:^* tgg* 

iiMle^Tdo jStt3X0Dii^l4. ^^x^S. Aox-r-<# 

7tf— ;ux> K5;U(DZW^[p]6D«J>i^40. 1 Dl^T. 
!&WV$>ti\i\iv<7 KSD/2JaTlwLr^0> 

±v h^**0>axjfefr(DKSA<SKi»Iz?Tt)*i5o - 
cD-y-^^p^^Aft^. NCgl07^n?Pif7A8 

[0 0 4 4] 

^Lfr^-5> K^?flcsr L ii$i±fcSE^-^> hI4 

«Stle«IBfI*DX»lzflt»$tt«. x^7fv;uyrtS? 
I^SltfcHSI^y «y lz*oTWfiilx*nH^jfioT 
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XA<fr*.&o 

[0 0 4 5] S^SA^tL^-C^JffjXMO)* 

^x-5i&MA<'5:LN£D-Cgl!)^A^)£L^< ^fofc. Ml- 

**Wlc<fc*ttf» ElE-*-*«MX**Xli*fcttYtt* 
IrJIC^K) * i±ft*< £ Z $6^(a]CD«3jX^ 

Settle. fro. ft i£-5 ft fclf 

1*0. 1 DJUT. t* v -? < — KMl* D / 2 felT <t ft -5 

liS Wte*t t? ft -5 itB W9 - <? © w Mfti x 1 3j£ r* * 

[Hsa>flWftfK9i] 

[s 1 ] *f§K<7>«offljDxgsa>«ijaaT?fe-s. 

[02] *^BJ|cJ:i,x> K5;KZ>-0!l£*-f 0T?fc 
£>„ (a) l*IE®0-?fc-5c (b) 1*02 (a) CD A — 

[0 3] **HI=J:.5#—;n> K5JUa>-«**-rH 
T'fc-S, (a) liiE®0-efc-&. (b) 1*03 (a) CD 
B - B ir jft 5iI@T?3t.S„ 
[04] #&Elz«J:.S K'J;UO— H^^f IfjjS, 
(a) l±jEE0T?&£. (b) 1*04 (a) CDC-CIC 

;O-5KS0T*fc-5o 
[05] *#gBJ?|CcJ:&7^X*-v$CD-0!l£^-f 0T* 
(a) l*jEII0fc<5„ (b) 1*05 (a) CD D - 
DlC;tt5Br®0t?fe-5„ 

[0 6] *J|0.8CD?— ^>KCDffffi$*-riK^Hr*$) 



[0 7] *§£WO)til<DmMm$:*-tmT<foZ>o (a) I* 

x*^;u^co=f"^ISirjft5ef®0'e3s-5o (b) 1*0 7 

(a) <DE-ElZ : ,Q?mWmV&&o 
[0 8] *^l3cOSiJCO^J£^I^*-r0r-fc-5c (a) I* 
X^*A^CD*«D«il::>2 5KS0T'fc.i> c , (b) 1*0 8 
(a) (DF-FlzyAomMWVfo&o 

[0 9] ^aJI^IPJioxici^^jiijftix^cDi^Bjiit? 
[H o] aairaxiCcfc^WSOJax^cDlftB^H-efe 

[111] 2«aO)«WI*PX*a*»ltLT*-rBlTfc 
£ 0 (a) lt^>*7KZ)R?aat-fc5. (b) 1*7 

[H 2] tP-;ux> K5;nc<fc-s^feitiDX0>iJiB^s 
[11 3] t£— jh> K 5 ;Uc«fc hanx(DifcB^ 
[Hi 4] *ftSa)NCft!IW»«CD«B6^n^^lSB|-c? 

-a) o 

[??#CD!feB^] 
1 -Ilitt 

9— /W:? 

1 1 ^> hettsas 

1 3-*-5>h«t&3l 

1 4---KJ^J 

1 6---v^>^7 

1 8-X*£*fl. 
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